Field and collection isolates of Salmonella abortusovis carry one IS200 element in a distinct chromosome location. IS200 is not found in the corresponding region of the chromosome of other Salmonella serovars. Sequencing of the boundaries of the S. abortusovis-specific IS200 insertion permitted the design of primers for the amplification of this IS200 element by PCR. Isolates of S. abortusovis are identified by the amplification of a DNA fragment of about 900 bp or larger. PCR amplification of DNA from salmonellae other than S. abortusovis yields either a fragment of about 200 bp or no product. The high specificity of the assay is confirmed by the absence of cross-reactivity with the following templates: (i) sheep DNA, (ii) DNAs from abortion-causing agents other than S. abortusovis, and (iii) DNAs from microorganisms that do not cause abortion but are common in flocks.
Salmonella abortusovis is a Salmonella serovar host-adapted to sheep which causes infectious disease, with abortion as the main symptom (reviewed in references 13, 18, and 21). The disease occurs in the last weeks of pregnancy, and the pathogenic mechanisms involved are not yet understood (21) . In areas in which the microorganism is endemic, abortion may occur in up to 50% of the ewes in a flock, usually during the first pregnancy (13) . This high incidence of salmonellosis represents a major threat to flocks and may result in important economic losses in regions that depend on sheepherding (18, 27) . Although S. abortusovis is the serotype most frequently associated with ovine salmonellosis, especially in Europe and the Middle East (13) , other Salmonella serovars, including Salmonella typhimurium (15, 24) , Salmonella dublin (10) , and Salmonella choleraesuis subsp. arizonae (3, 26) , have also been described as agents of abortion. Furthermore, other microbial pathogens, such as Brucella, Campylobacter, Chlamydia, Coxiella, Listeria, Toxoplasma, and Yersinia, have been reported to cause ovine abortion (6-8, 14, 16, 17, 20) . This variety of agents makes diagnostic tests highly desirable.
Traditionally, the identification of S. abortusovis has relied on the use of antisera against O and H antigens (4, 30) . However, other Salmonella serotypes can have such antigens (1) . On the other hand, serological identification of Salmonella serovars sometimes faces the problem that recombination of phase 1 flagellin genes can generate new Salmonella serovars (26, 32) . The use of a biochemical test such as the API 20E system is not an advisable alternative, because this procedure does not distinguish between S. abortusovis and Salmonella typhi (5, 19) . Thus, a molecular identification assay, such as the PCR procedure described below, could be a breakthrough in the field.
Our PCR assay is based on the finding that genomic DNAs from S. abortusovis contain a serovar-specific IS200 copy on the chromosome (25) . Because of the existence of this IS200 copy, PCR amplification of S. abortusovis DNA templates can be expected to yield a serovar-specific band.
The serovar-specific IS200 element was cloned from S. abortusovis SS 44. Genomic DNA was isolated according to the method of Ausubel et al. (2) , digested with PstI, and size fractionated by agarose electrophoresis. DNA fragments of ϳ9 kb were recovered, purified with Gene Clean, and cloned into pBluescript I KS(ϩ) (Stratagene, La Jolla, Calif.). The ligation mixture was used to transform Escherichia coli DH5␣ (31) by following the procedure of Inoue et al. (12) . The presence of IS200 among Lac Ϫ Ap r transformants of E. coli DH5␣ was screened by Southern hybridization with the 0.6-kb EcoRI fragment of plasmid pIZ46 as a probe (9, 25, 28) . One positive isolate was arbitrarily chosen as the source of plasmid pIZ72. Restriction analysis proved that pIZ72 carried an insert of the expected size (around 9.5 kb).
Digestion of pIZ72 with restriction enzymes that do not cut within pBluescript I KS(ϩ) indicated that StuI digestion was able to split the 9.5-kb insert into two fragments of 6.5 and 3 kb. The 3-kb fragment (but not the 6.5-kb fragment) hybridized against the EcoRI-HindIII and TaqI IS200 probes, suggesting that the IS200 element was located in the small StuI fragment. The latter was cloned into pBluescript I KS(ϩ) to generate plasmid pIZ73. To reduce the size of the 3-kb StuI fragment of pIZ73, nested deletions were obtained. pIZ73 DNA was isolated by the "boiling" method (11) and purified in Sephadex G-50 columns (22) . Two enzymes that do not cut within the insert, ClaI and ApaI, were used to produce 5Ј and 3Ј overhanging ends, respectively. Aliquots were treated with exonuclease III, and the reactions were allowed to proceed for various amounts of time. Deleted plasmids were treated with nuclease S1 (to generate blunt ends) and with T4 ligase (to religate deleted plasmids). Transformants of E. coli DH5␣ were then obtained. Plasmid separation by gel electrophoresis indicated the presence of heterogeneous plasmid sizes. Inserts were recovered by digestion with SacI and KpnI. The presence of IS200 was detected by Southern hybridization against the standard probes of plasmids pIZ46 and pIZ47 (9, 25) . A plas-mid carrying an ϳ1-kb insert (pIZ74) was chosen for DNA sequencing.
For sequencing, pIZ74 DNA was prepared by the alkaline lysis method, without phenol extraction (29) . DNA sequencing was performed by the dideoxy chain termination procedure (23), using the T3 and T7 sequencing primers of pBluescript. Plasmid pIZ74 was found to contain one IS200 element of 708 bp flanked by host DNA sequences of 79 and 252 bp. These flanking sequences correspond to an unknown region of the S. abortusovis chromosome; no homology with known loci was found in data bank searches.
Two primers, both 20 nucleotides long, were designed for PCR amplification: (i) 5Ј-CGATGAAAGCGTAAATAAGG-3Ј, whose 3Ј end is 160 bp from one IS200 end, and (ii) 5Ј-T TCTCTTGTCAGTCTCAAAC-3Ј, whose 3Ј end is 24 nucleotides from the other end of IS200. The rationale of the identification test is that the amplification of DNA carrying an IS200 element can be expected to yield a fragment of 932 bp, while DNAs lacking IS200 in that position will yield a fragment ϳ220 nucleotides long; both can be easily distinguished by gel electrophoresis. Thus, S. abortusovis DNA can be expected to yield an ϳ900-bp fragment. In turn, DNAs from other salmonellae will yield ϳ200-bp fragments, while DNA from other sources will not be amplified.
Genomic DNA preparations for PCR assays were obtained by the "boiling" method (11); the starting material was a colony resuspended in 300 l of distilled water. The final volume of all PCR amplification mixtures was 25 l, and the final concentration of MgCl 2 was 1.5 mM. Reagents were used at the following concentrations: deoxynucleoside triphosphates, 200 M; primers, 1 M; and Taq polymerase, 1 U per reaction. The thermal program included the following steps: (i) initial denaturation for 3 min at 94°C; (ii) 30 cycles of denaturation at 94°C for 30 s, annealing at 51.6°C for 30 s, and extension at 72°C for 1 min; and (iii) final incubation at 72°C for 5 min, to complete extension. Amplification products were separated by electrophoresis on 1% agarose gels stained with ethidium bromide (final concentration, 0.5 g/ml).
Amplification tests were carried out on DNAs from 63 isolates of S. abortusovis obtained from Sardinian flocks and on DNAs from 13 collection strains of S. abortusovis (Table 1) . Flock isolates were from three sources: vaginal discharges, fetal tissues (stomach, spleen, liver, and brain), and milk from mastitis-affected sheep that had undergone abortion. The flocks were located in the Sardinian towns of Bolotana (7 isolates), Nulvi (7 isolates), Mara (4 isolates), Suni (2 isolates), Bultei (19 isolates), Bonassai (2 isolates), Bonorva (19 isolates), Osilo (2 isolates), and Sindia (1 isolate). Strains SSM 817 and SSM 818 (see Fig. 1 ) are the two isolates from the Bonassai flocks (one from milk and the other from fetal tissue). The isolation and preservation of these isolates were as previously described (5, 25) . Eleven Salmonella strains belonging to serovars different from S. abortusovis (Table 1) were also analyzed. The results were as follows. (i) Seventy-four of the 76 S. abortusovis samples tested gave rise to an amplification DNA fragment of 900 bp. Relevant examples are shown in Fig. 1  (top, lanes A through G) . Two strains (the French strains 27K IP and INRA Rv6) yielded a larger amplification fragment, of about 2 kb (Fig. 1, top, lanes H and I) . (ii) Salmonella strains from other serovars gave rise to amplification bands of 200 bp (Fig. 1, top, lanes J through L) , except Salmonella memphis SL5311 and Salmonella montgomery SL457, which did not yield amplified DNA (Fig. 1, top, lanes M and N) .
Southern hybridization against an IS200 probe showed that IS200 was present in both the 900-bp and 2-kb fragments, but not in the 200-bp fragments (Fig. 1, bottom) . These results fulfill the predictions made about the PCR test, with the caveat that bands larger than 900 bp, like those of the two S. abortusovis strains of French origin, must also be taken as a positive result (see below). PCR amplification was also performed on control DNA templates from the following sources: (i) microorganisms that do not cause abortion but are frequently found in sheep (two strains of Enterococcus faecium, one of E. coli, and one of Bacillus thuringiensis); (ii) potentially abortive agents that may coexist with Salmonella in the flocks (Mycoplasma agalactiae, Chlamydia psittaci, Listeria ivanovii, and Brucella melitensis); and (iii) sheep DNA, kindly provided by A. Alberti (University of Sassari). All gave negative results (data not shown).
To investigate the origin of the 2-kb bands produced by the two French strains of S. abortusovis, the 2-kb PCR amplification fragments from strains 27K IP and INRA Rv6 were subjected to single and double digestions with EcoRI and HindIII. As a control, the same restriction analysis was performed on a 0.9-kb DNA fragment generated by amplification of DNA from S. abortusovis SS 44. The results, shown at the top of Fig.  2 , revealed the presence of single EcoRI and HindIII restriction sites in both the 2-kb and the 0.9-kb fragments. Because IS200 contains single EcoRI and HindIII sites (9), the results suggest that only one IS200 element is present in the ϳ2-kb fragments (and, of course, in the ϳ0.9-kb fragments). Furthermore, double digestion with EcoRI and HindIII yielded a three-fragment pattern, with a constant band of ϳ300 bp (Fig.  2, top) . Southern hybridization analysis confirmed the presence of a single IS200 copy in both types of fragments (Fig. 2,  bottom) . Thus, the French strains 27K IP and INRA Rv6 carry a DNA rearrangement in the region where the S. abortusovisspecific IS200 element is found. The presence of Ͼ1 kb of extra DNA generates a larger DNA fragment upon PCR amplification.
The nature of the DNA rearrangement in the region under study was investigated in additional PCR amplification experiments with one of the external primers described above and one internal IS200 primer. The internal IS200 primers used were 5Ј-TTCGCCGTGTTCTTACCCACCGT-3Ј and 5Ј-GCC GAAGATGAGTGTGTCCAGTT-3Ј. The results can be summarized as follows. (i) One primer combination yielded a fragment of 540 bp with target DNA from all S. abortusovis strains.
(ii) The second primer combination yielded a fragment of 1,600 bp with target DNA from the French strains, while amplification of SS 44 DNA yielded a fragment of 550 bp. Thus, we conclude that the extra DNA is located at one side of IS200. These results confirm that the French strains of S. abortusovis contain extra DNA in the region where the serovar-specific IS200 element is located. Thus, the positive result of the PCR identification test for S. abortusovis is the amplification of a fragment of 0.9 kb or larger.
Nucleotide sequence accession number. The sequence of pIZ74 has been deposited in the EMBL database under accession no. Y08755.
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